Background {#s001}
==========

T[o ensure health care systems]{.smallcaps} are sustainable, current policies go beyond patients and focus on regions and (general) populations. These so-called population management (PM) initiatives, which aim to improve population health and quality of care while also reducing costs (Triple Aim), are increasingly being introduced.^[@B1]^ The implementations of such initiatives are a response to the increasing financial pressure exerted on health care systems by aging populations and new and expensive technologies.^[@B2],[@B3]^ To transform health care systems, policy makers are introducing PM initiatives that address the full continuum of a defined population\'s health and well-being, and implementing interventions that integrate health care, prevention, and social services.^[@B4]^ Because of the surge of regional policy, PM, and the Triple Aim, the concept of population health has gained traction among policy makers and researchers. A more in-depth understanding of population health has become essential to evaluate and tailor PM initiatives.^[@B5]^

Population health as a concept has been widely discussed^[@B6],[@B7]^ but, despite the definition by Kindig and Stoddart,^[@B8]^ no consensus exists regarding the meaning of the term. For the purpose of this study, population health is considered to be the health of an entire population in 1 geographic area. Within this understanding of population health, many factors are thought to affect (population) health.^[@B9]^ A population\'s education level, for example, has an association with health, but also affects health indirectly through its impact on health behaviors and use of preventive services.^[@B12]^ Other characteristics that can influence health include sex, age, and ethnicity.^[@B13]^ Those who wish to assess health in PM initiatives or evaluate the effectiveness of their interventions should consider such variables.^[@B4],[@B14]^ Health assessments help design interventions for PM initiatives by identifying priority areas and, from an evaluation point of view, controlling for these variables will provide baseline measurements for population health that are more comparable between different initiatives (overt bias).^[@B15]^

In the Netherlands, the National Monitor Population Management (NMP) was created to gather knowledge regarding the experiences of stakeholders within 9 PM initiatives as well as their performance.^[@B16]^ These so-called pioneer sites each focus on a defined regional population and aim to achieve the Triple Aim. Even though their goals are similar, they are locally introduced initiatives that operate independent of each other. In most, local municipalities, hospitals, general practitioners, and insurance companies are involved on the board, supplemented by more intervention-specific stakeholders (eg, pharmacies, research institutes). Most of these interventions have the goal of improving prevention services and reducing secondary care use, but each of the pioneer sites has its own distinct set of interventions. More detailed information can be found in online [Supplementary Data S1](#SD1){ref-type="supplementary-material"} (Supplementary Data are available online at [www/liebertpub.com/pop](www/liebertpub.com/pop)) and elsewhere.^[@B16]^ To assess population health in these pioneer sites, different constructs were measured by the NMP, including health status (Short Form 12 version 2 \[SF12\]) and self-management (Patient Activation Measure 13 \[PAM13\]).^[@B17]^ In addition to these 2 constructs, demographic (eg, age, education) and other factors (eg, body mass index \[BMI\]) were included. However, the impact of these demographic, personal, and lifestyle factors on population health differences is unknown.

In order to gain a better understanding of how to evaluate and tailor PM initiatives, this study aims to assess whether population health differs between initiatives and to what extent this relationship is affected by demographic and lifestyle factors.

Methods {#s002}
=======

Ethics approval and consent to participate {#s003}
------------------------------------------

The Psychological Ethics Committee of the Tilburg University (Psychological Ethical Testing Committee number: EC-2014.39) approved this study.

Study population {#s004}
----------------

The study population consisted of citizens living in 9 Dutch pioneer sites. The NMP provided the baseline data used for analysis, which were gathered between December of 2014 and January of 2015. A survey was sent out in each site to a random sample of 600 insured adults (≥18 years old) who, within the previous year, had not received any surveys from insurance companies and remained registered with the same general physician. Participants were invited by mail to complete the survey, which could be done online or on paper. Participants who did not respond were sent 2 reminders.^[@B17]^

Survey instruments {#s005}
------------------

### Demographic, personal, and lifestyle factors {#s006}

The survey included demographic characteristics (sex, age, educational level \[high/low\]), employment, and country of origin \[native/non-native\]), as well as personal and lifestyle characteristics. These included levels of disability (100% disabled), alcohol use (glasses per week), and smoking status (yes/no). Furthermore, BMI was calculated using the reported height and weight, and health literacy was assessed using Chew et al\'s Set of Brief Screening Questions.^[@B18]^

### SF-12 {#s007}

The SF-12, a globally used instrument, assesses generic health status using 12 questions that produce a physical component score (PCS) and a mental component score (MCS).^[@B19]^ The Dutch version was used for this study.^[@B20]^ Scoring was done using the proprietary software provided by Qualimetrics Inc. (Sacramento, CA), which associates set weights with questions\' scores that are converted to a 0--100 scale for both the PCS and MCS. In this scale a higher score means better (physical or mental) health.^[@B19]^

### PAM13 {#s008}

The PAM13 is a scale that is based on a developmental model of activation^[@B21]^ and can be used to assess self-reported knowledge, motivation, and health management skills.^[@B22]^ The questions\' scores are summed and converted to a 0--100 scale; a higher score is positively associated with related health behaviors.^[@B23]^ The Dutch version was used.^[@B23]^

Analysis {#s009}
--------

All analyses were performed using SPSS 22 (IBM Corporation, Armonk, NY) and R Studio Version 0.99.441 (RStudio Inc., Boston, MA) for Windows.

First, responses to the SF12 and PAM13 were analyzed. Participants who provided a complete data set per instrument were compared regarding demographic, personal, and lifestyle factors with participants having 1 or more missing values for that instrument. If these groups differed, then it could be assumed that missing values were not Missing-Completely-At-Random and therefore would need to be imputed. MICE (multiple imputation by chained equation) would be used to impute the data^[@B24]^ and further analyses would be performed on both complete cases and imputed data sets. The methodology is discussed in a previous and related article.^[@B25]^

Second, an overview of demographic, personal, and lifestyle factors (independent variables; eg, age, education, sex, origin, employment, alcohol use) was created for all 9 pioneer sites. This overview also included the Pearson chi-square test for dichotomous variables and analysis of variance (ANOVA) for continuous variables to determine whether there were significant differences between the 9 pioneer sites. Factors with a *P* value ≤0.10 were considered potential confounders.^[@B26]^

Third, separate univariate analyses were conducted for each outcome (SF12-PCS, SF12-MCS and PAM13) using regression analyses. The PM initiatives were coded as dummy variables, with one of the pioneer sites (Blauwe Zorg*)* as the reference group. Model fit was assessed using the F-ratio and a *P* value of ≤0.05 was considered significant in all regression analyses.^[@B27]^ Then, the influence of each individual potential confounder was assessed using multivariate linear regression analyses. A variable was defined as a confounder when the average change in the dummy variables compared to the univariate model was more than 10% after adding that particular variable.^[@B26]^ At each step, starting with the univariate model, the variable that produced the largest average change in the beta of dummy variables (and was more than 10%) was then added to the model. The remaining variables were then added step by step to this model. This process was repeated until there were no variables left. Finally, for comparison, a multiple regression analysis was executed with all potential confounders.

Results {#s010}
=======

The number of total citizens within the pioneer sites ranged from 106,270 to 646,910 ([Table 1](#T1){ref-type="table"}). A total of 5400 surveys were sent out, 2491 of which were completed and returned. The response analyses showed that groups with no missing values differed significantly from participants with 1 or more missing values on at least 1 demographic variable for all instruments (see online [Supplementary Data S2](#SD1){ref-type="supplementary-material"}). This indicates that missing values were not Missing-Completely-At-Random, warranting the use of multiple imputation. Subsequent analyses were therefore performed on both complete cases and imputed data sets.

###### 

[Characteristics of the Sample Population]{.smallcaps}

  *Population*                                                             *Blauwe zorg*   *Friesland Voorop*   *Goed Leven*   *Mijn Zorg*   *GZGR*        *PELGRIM*     *SSiZ*        *SmZ*         *Vitaal Vechtdal*   *ANOVA/chi-square*   *Study population*
  ------------------------------------------------------------------------ --------------- -------------------- -------------- ------------- ------------- ------------- ------------- ------------- ------------------- -------------------- --------------------
  Total citizens^[@B28]^                                                   176,055         646,910              106,270        273,500       183,920       417,780       273,340       516,500       112,655             \-                   \-
  Surveys sent                                                             600             600                  600            600           600           600           600           600           600                 \-                   5400
  Returned surveys                                                         256             293                  272            259           272           272           308           280           279                 \-                   2491
  Response rate (%)                                                        42,7            48,8                 45,3           43,2          45,3          45,3          51,3          46,7          46,5                \-                   46.1
  Sex (% male)                                                             49.8            43.8                 48.5           49.4          47.0          44.4          43.0          45.4          44.3                0.675                46.1
  Age (Standard deviation)                                                 57.9 (16.3)     54.3 (16.6)          55.1 (15.8)    59.1 (14.0)   54.5 (17.3)   54.7 (15.3)   59.0 (15.7)   54.7 (16.9)   51.6 (15.1)         0.000                55.7 (16.1)
  Education (% highly educated)                                            34.9            26.7                 20.1           18.8          42.4          28.0          22.0          27.1          12.7                0.000                25.8
  Origin (% native)                                                        84.1            95.4                 80.5           77.9          85.7          84.8          87.5          87.1          93.8                0.000                86.4
  Employed (% paid job)                                                    46.9            49.1                 48.3           41.2          51.7          50.6          45.2          51.4          63.1                0.000                49.7
  Disabled (%)                                                             5.9             3.8                  4.2            6.6           5.2           2.6           2.3           5.4           3.1                 0.145                4.3
  BMI                                                                      26.1            25.9                 25.9           26.7          25.4          26.4          25.4          25.8          26.0                0.011                26.0
  Alcohol use (glasses per week)                                           3.8             4.7                  3.9            3.7           4.6           4.0           5.1           4.6           4.2                 0.144                4.3
  Smoking (% smokers)                                                      16.5            16.2                 20.1           20.1          17.0          14.9          13.7          21.2          23.6                0.048                18.1
  Health Literacy (score Chew et al\'s Set of Brief Screening Questions)   3.4             3.5                  3.3            3.4           3.4           3.3           3.4           3.3           3.3                 0.230                3.4
  SF12-PCS                                                                 49.7            50.9                 48.7           46.5          50.0          50.2          50.1          49.7          51.4                0.000                49.7
  SF12-MCS                                                                 49.0            51.9                 49.6           48.4          48.5          50.0          50.0          49.5          51.3                0.000                49.8
  PAM13                                                                    59.5            58.2                 57.8           60.0          61.8          58.0          60.9          57.0          55.2                0.000                58.8

ANOVA, analysis of variance; BMI, body mass index; GZGR, Gezonde Zorg, Gezonde Regio; SF12-MCS, Short Form 12 version 2 Mental Component Score; SF12-PCS, Short Form 12 version 2 Physical Component Score; PAM13, Patient Activation Measure 13; SmZ, Slimmer met Zorg; SSiZ, Samen Sterk in Zorg.

The study sample was 46.1% male, consisted of mostly Dutch natives, and was on average 55.7 years old. Between PM initiatives, there were significant differences in age, education, origin, employment, BMI, and smoking, identifying these factors as potential confounders. Overall, Mijn Zorg was the only initiative that showed consistently below-average scores on all variables. Most PM initiatives scored better on one and worse on other variables. For example, Gezonde Zorg, Gezonde Regio had the highest score on education level, but also had a higher than average unemployment rate. As expected, descriptive results from the imputed data were comparable (see online [Supplementary Data S3](#SD1){ref-type="supplementary-material"}).

An overall ANOVA showed that outcomes of the SF12-PCS, SF12-MCS, and PAM13 differed significantly between PM initiatives before adding confounders to the model. The more detailed univariate regression model showed that for each instrument, there were 1 or 2 PM initiatives that differed significantly from the reference group ([Table 2](#T2){ref-type="table"}). For the SF12-PCS, Mijn Zorg was the only significantly lower deviation, while Friesland Voorop and Vitaal Vechtdal *s*cored significantly higher for the SF12-MCS. Vitaal Vechtdal scored significantly lower on the PAM13 as well, which also was the case with the imputed data (see online [Supplementary Data S3](#SD1){ref-type="supplementary-material"}).

###### 

[Results of Regression Analyses]{.smallcaps}

  *Instrument*     *F-test*                                *Blauwe zorg(Reference)*   *Friesland Voorop*                       *GoedLeven*   *Mijn Zorg*                               *GZGR*   *PELGRIM*   *SSiZ*   *SmZ*    *Vitaal Vechtdal*
  ---------------- --------------------------------------- -------------------------- ---------------------------------------- ------------- ----------------------------------------- -------- ----------- -------- -------- -----------------------------------------
  SF12-PCS                                                                                                                                                                                                                     
   Crude           4.7^[\*](#tf3){ref-type="table-fn"}^    49.748                     1.193                                    −1.025        −3.174^[\*](#tf3){ref-type="table-fn"}^   0.254    0.460       0.364    −0.057   1.703
   Adjusted        34.3^[\*](#tf3){ref-type="table-fn"}^   63.507                     0.505                                    −1.266        −2.288^[\*](#tf3){ref-type="table-fn"}^   −0.938   0.330       0.530    −1.293   0.550
   Adjusted mean   \-                                      63.507                     64.012                                   62.241        61.219                                    62.569   63.837      64.037   62.214   64.057
  SF12-MCS                                                                                                                                                                                                                     
   Crude           3.7^[\*](#tf3){ref-type="table-fn"}^    48.965                     2.926^[\*](#tf3){ref-type="table-fn"}^   0.631         −0.594                                    −0.457   0.993       1.024    0.577    2.360^[\*](#tf3){ref-type="table-fn"}^
   Adjusted        7.7^[\*](#tf3){ref-type="table-fn"}^    44.647                     2.998^[\*](#tf3){ref-type="table-fn"}^   0.622         −0.869                                    −0.826   1.166       1.264    0.033    1.958^[\*](#tf3){ref-type="table-fn"}^
   Adjusted mean   \-                                      44.647                     47.645                                   45.269        43.778                                    43.821   45.813      45.911   44.68    46.605
  PAM13                                                                                                                                                                                                                        
   Crude           2.7^[\*](#tf3){ref-type="table-fn"}^    59.463                     −1.252                                   −1.625        0.506                                     2.371    −1.428      1.454    −2.434   −4.303^[\*](#tf3){ref-type="table-fn"}^
   Adjusted        6.2^[\*](#tf3){ref-type="table-fn"}^    59.764                     −0.452                                   −0.827        1.627                                     1.268    −1.190      2.218    −1.682   1.672
   Adjusted mean   \-                                      59.764                     59.312                                   58.937        61.391                                    61.032   58.574      61.982   58.082   61.436

GZGR, Gezonde Zorg, Gezonde Regio; SF12-PCS, Short Form 12 -- Physical Component Score; SF12-MCS, Short Form 12 -- Mental Component Score; PAM13, Patient Activation Measure 13; SmZ, Slimmer met Zorg; SSiZ, Samen Sterk in Zorg.

*P* ≤ 0.05

Per instrument, the aforementioned potential confounders were entered in the regression model individually. Extended results of these regression analyses can be seen in an additional file ([Supplementary Data S4](#SD1){ref-type="supplementary-material"}). Each characteristic had a noteworthy (\>10%) influence on each of the instruments and was included in the final analyses. For the SF12-PCS, the largest confounders were age, BMI, and employment. Age also was an important influencer in the SF12-MCS, in addition to origin and smoking status. PAM13 was influenced mainly by education, employment, and smoking status. Somewhat different results were found in the imputed data for PAM13 ([Supplementary Data S4](#SD1){ref-type="supplementary-material"}). Here, education and employment still had the largest effect on PAM13 scores, but smoking status was no longer a confounder. Origin also was not a confounder, although age and BMI still influenced outcomes.

[Table 2](#T2){ref-type="table"} shows the results of the (multivariate) linear regression models including all confounders, each showing a significant F-ratio indicating sufficient model fit. For the SF12-PCS, the Table shows that all PM initiatives had noteworthy changes (≥10%), but no differences changed from significant to not significant or vice versa. Mijn Zorg remained the only significant deviation. In mental health (SF12-MCS), Vitaal Vechtdal initially scored better. However, this difference was nuanced when results were controlled for specific population factors. Friesland Voorop, like Vitaal Vechtdal*,* also scored better on the SF12-MCS, but the difference remained roughly the same after controlling for confounders. For the PAM13, Vitaal Vechtdal was the only significantly different score before controlling for confounders. After controlling for confounders, the difference was no longer significant, resulting in no significant differences between PM initiatives on PAM13. This result also was seen in the imputed data (see online [Supplementary Data S3](#SD1){ref-type="supplementary-material"}).

Discussion {#s011}
==========

This study compared health within 9 Dutch PM initiatives using the SF12-PCS, SF12-MCS, and PAM13 instruments as outcomes and examined to what extent these are affected by demographic, personal, and lifestyle factors. The intention was to provide the needed insight to improve evaluation and tailor the interventions of these initiatives. The included physical (SF12-PCS), mental (SF12-MCS), and self-management (PAM13) constructs showed differences between initiatives before controlling for any population factors. This was mainly because of 1 or 2 outlying PM initiatives. After controlling for confounding factors, differences between PM initiatives were nuanced, but the SF12-PCS and the SF12-MCS still showed significant differences. For PAM13, the only significant difference from the reference group became insignificant. Age and origin as well as education, employment, and smoking had a large influence on differences between initiatives.

The effects of demographic, personal, and lifestyle factors were in line with expectations, as this effect has been seen for various instruments at the individual level,^[@B23],[@B29],[@B30]^ as well as the population level.^[@B31],[@B32]^ Nonetheless, although adjusted results provide a clearer image for evaluation purposes, as improving health should be the end goal, unadjusted differences should not be disregarded. The impact variables have on differences in health can be used to tailor interventions for specific populations.^[@B33]^ The characteristics with the largest impact on outcomes were age, origin, education, employment, and smoking. A number of these factors, including health literacy, BMI, smoking, and alcohol use, can be addressed by (health) interventions. Smoking behavior, for example, can be addressed by implementing smoking bans in schools.^[@B34]^ In this manner, PM initiatives can focus interventions on variables that are shown to affect the health of their population.

Some reservations must be considered when interpreting these results. Data were collected at a single point in time and it would be of interest to compare changes over time to see the impact of interventions in a particular region. Furthermore, the provided recommended proprietary software was used to calculate the SF12-MCS and SF12-PCS, ensuring the correct calculation of both SF12 component scores. Unfortunately, even though the use of this software is recommended, it prevented the use of imputed data to calculate the sum scores. Results from PAM13 imputed data showed that differences, albeit small, could occur. Response rates in most pioneer sites were ∼45%, which sufficed and is comparable to other surveys,^[@B35]^ but because of limited information regarding the sample population, it was not possible to assess selection bias in depth.

Finally, even though the confounders studied did explain some differences, not all of the variation in population health between PM initiatives was explained. For example, Friesland Voorop and Vitaal Vechtdal still showed significantly higher scores for the SF12-MCS than the reference group after controlling for confounders. Whether these differences are clinically relevant is difficult to establish. For example, for the SF12, studies consider a range of relevant differences, ranging from 2.5 points and higher.^[@B36],[@B37]^ This would mean that the differences in this study are not clinically relevant, but it is debatable whether such a hard value can be set for populations. From an evaluation perspective, a baseline measurement should be as equal as possible, as differences after controlling for confounders might indicate the presence of hidden bias.^[@B38]^ Efforts, such as the research into the "Limburg-factor,"^[@B39]^ should be made to seek out hidden bias. This can be done, for instance, by examining the literature more deeply, integrating qualitative analyses, or by looking for influencers elsewhere (eg, environmental factors such as air quality and the availability of green space)^[@B40],[@B41]^ However, many of these factors are currently seen as beyond the scope of responsibility of health care, while having a considerable impact on population health. This emphasizes the importance of wider integration of care domains by PM initiatives to ensure complete coverage of health.

Conclusion {#s012}
==========

At first glance, the 9 populations compared in this study differed in physical health (SF12-PCS), mental health (SF12-MCS), and self-management capacity (PAM13). However, once the identified confounders were included in the model, these differences became smaller and were no longer significant for self-management capacity. The impact the current confounders have on results can be used to guide future evaluations and tailoring of PM initiatives. Unexplained differences in health between PM initiatives require further investigation.
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======================
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